INTRODUCTION 35
Campylobacter jejuni, a spiral, flagellated ε-proteobacterial commensal of poultry, 36 is the predominant cause of bacterial food-borne illness in the United States, resulting in 37 approximately 2 million cases per year. A role for endogenous poultry intestinal 38 microbiota in competitive exclusion (CE) of Campylobacter was first investigated in 39 3 suspensions decreased with time in storage,however (39) (40) . Evidence also indicates 47 that CE may depend on the presence of strictly anaerobic bacteria (31). As an oxygen 48 gradient likely occurs from host epithelium into the luminal contents, a CE role for both 49 mucosal and luminal microbes in concert is likely. 50
Attempts have been made to identify specific microbes antagonistic to 51
Campylobacter, and initial attempts isolated mucin-dwelling organisms with in vitro 52 antagonistic effects against the pathogen (35) (36) . Recent experiments have identified 53 numerous bacteria producing anti-Campylobacter bacteriocins (29, (41) (42) (44) (45) . Direct 54 treatment of market-weight birds with therapeutic bacteriocin Enterococcus faecium E 55 50-52 is effective for removal of Campylobacter spp. immediately prior to slaughter (44) . 56
Despite progress toward a solution to contamination of poultry products by 57
Campylobacter species, incomplete or intermittent CE protection, combined with a lack 58 of studies addressing long-term CE efficacy, indicate that the Campylobacter 59 colonization problem is far from solved (35). In addition, risk factors for 60 campylobacteriosis other than direct consumption of contaminated poultry include 61 consumption of fresh vegetables and bottled water (14) . Campylobacter has been found 62 in poultry manure used to fertilize crops as well as in runoff from these farms (22, 24, 50) . 63
We believe novel approaches for studying microbial ecology in the gut are necessary for 64 development of intervention strategies including competitive exclusion. 65
The work described here takes a functional approach to identify microbes 66 associated with protection of the intestine from Campylobacter jejuni colonization, an 67 approach we are calling antibiotic dissection. The cecal contents from a Campylobacter-68 free adult turkey were inoculated into day-old poults, and the microbial communities in 69 on June 26, 2017 by guest http://aem.asm.org/ Downloaded from these poults modified by treatment with therapeutic levels of antibiotics. The resulting 70 modified microbiota were then tested for the ability to outcompete a C. jejuni challenge, 71 and a microbe potentially associated with C. jejuni exclusion was identified. 72
73

MATERIALS AND METHODS 74
Antibiotic dissection. Beltsville White turkey poults were hatched from the 75
Campylobacter-free USDA flock housed on the National Animal Disease Center campus, 76 with four poults per treatment. On day 1 after hatch, an adult was culled from the 77
Beltsville White flock. The adult turkey was anesthetized to surgical depth by 78 intramuscular injection with telazol (6 mg/kg), ketamine (8 mg/kg) and xylazine (4 79 mg/kg) followed by decapitation. Ceca were removed and cecal contents were mixed 1:1 80 (v:v) with 1× PBS. Poults were randomly assigned into six treatment groups, 81 uninoculated control (UC), inoculated control (IC), virginiamycin treated (VIR), 82 enrofloxacin treated (ENR), neomycin treated (NEO) and vancomycin treated (VNC) 83 (Table 1) . Antibiotics were chosen for both relevance to the poultry industry and variety 84 of target molecule, such that the 50S and 30S ribosomal subunits, as well as RNAP and 85 bacterial cell walls were targeted (Table 1 TCGAGCTCAGGCGCGCCTTAATTAAGCTGA-3'), UserOFRGRev2 (5'-176 GCCAAGCTTCCTGCAGGGTTTAAACGCTGA-3'), 530F (5'-177 GTGCCAGCMGCCGCGG-3') and 907R (5'-CCGTCAATTCMTTTRAGTTT-3') (5, 178 27). Sequences were assembled and edited using Lasergene software (DNASTAR, 179 Madison, WI). The sequences were compared to public databases using NCBI BLAST 180 and the Ribosomal Database Project II (RDP)(11). Sequences were submitted to 181
GenBank under accession numbers Megamonas sequences were aligned using ClustalX and phylogenetic analysis was (Figures 2 and 3) . These two subtypes were distinct OTU (Operational 254
Taxonomic Unit) at the 97% sequence similarity level as determined by DOTUR analysis, 255 and had both previously been detected in turkey cecal microbiota (Figure 4) In the current work, antibiotic treatment was used to generate subsets of the 272 microbiota from a Campylobacter-free turkey flock, and these subsets were tested in vivo 273 for competitive exclusion capability. The four antibiotics were chosen for their historic 274 use in commercial poultry production and/or their various modes of action (Table 1) 
